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’I’hc SC:A}.,I~ Pi, y ;ic~:l }.)csit;n Sub.~yatem 

(’,OITil’lll!ei" ,~ ¢[(lIce T1ep,’il’lm( 
S[anA,td l.lnivei’~,i|y

L."i~,] tri~e ].J ;(,ill’lore | ..’Iboi’iilo~},
U!livel SJ .y of GMifornia

Thr, SC:AI..I) l~h’i’skal cle~ii~,ll .uibsy.qem Is de.~.-.tibol. SCALD
.~lli)ilOl’l~ I!;;, ;ill~.ili’i:dle~ O.ill.gltii:li[,ll of" E(.’.L-IOK Io~ic ¢~I~ wlre ~,raI)
eaidl, flO:a ihf ou¢ptlt of a hler;uchit,d d,.gpd] s)’s~’em. 14e.~lili~ of

i~rese~it~’t! pild di.~¢tlls~.d.

"] lit, ~-I ,~,lllllr.iil~..d (;Ollll)lllCl-~Aidr’d l.ogic I.le~.l~i’i

15- ~ II .>, b~i’10, t hip, EC, L. 10K I)~Oe~t,i". The

Aid:d I..oli¢ ~ii’~/l,!l , alld it i~ recun’m~ci~;Icd ili~l

and ~7~:].~le¢l/dc.,ii:.lii lhc l~iyical dt’~i~.ii is ielalivel~ indei:,cndenl of
lhe del;,il$ ed l,a~l.al:finTf, bul lhe ph)’slc~l de~i{fn deals CXls!i¢i:’,), wllh
[~aCkilllil~, , ¢O~l~id¢i’i, liOll~. The Mac~o £xpa.der Is used fo~ lhe
lf:{~Iclll dc~i~$tl, and i~ applicable ~cie~ a broad ran~,e
and l):~ck3l;in{( l,-chiiiques, but ~hc Wi~ ~ Lis[er I~ u.~ed for ph)’sical

im’l~idr the ~,bj,’c[ rnachille de~ril,c:l ill Stction 7. Thi~
~l,~’¢:ii~l~a!ic’~ of the Wire ]..i~ler ~:~s ~ece~i[21ec! by a desire
~oml)lei~,l~ Jll~[.~iem,.ll[ lhe fil.,j,~cl m.~cl,h~¢ iii a Irately f;~$hi~sil in file

The rnaJor l:o~Is hl lhe desi~.n of Ike Wire l.ille~ were:

- ’ro allow lhe ¢’n~ineel to have CUl~llOl over
inipolhml and dif£icull l.,hi’~ical desi~(i~ d,:~isions,
ex~.mlde, die l)OS~lions ~,f ~.lill~l, while freciliff him
fr~lli ll~.~if).ili{~ de[.li!~ which er.l.,.r are n-I li,~l~o,i.~l~!
or can be cavil)’ drl~:imif~.d l:iil-maticall).. 
lt,l, ’ ~l’tl, lhe l)~if kap, illl] sysl,,~li was clit)$i’ll c,.,
lhe liumbel ~f [lh).~i~’~l t!csi~li dc.ci~ionl ~l~ii:ll , ~i.ikl

To provide doctl~,;,nl~H;,,i v;I;idl ~,’oill.’l .~dl:l,O:.’.
debli!(p, hl!j mid mr~ilil¢li,~ilfe n; ~i tielipji si~,~¢ifi, d b)’
it .~lllllllll(.d m~.¢lO

S~ i-li:~ll 7 d~,.~crilw,.~ life ot,j.¢l Ili,lcll Irl ~ blllll wilh

e,.I)l:~iii.~ lht’ I.’,h~b<~l Sll’UClllle
II~l’Otl~’.,,l, Se(lillll fl ¢h’lail the yaii(itis ltlbl~lil!fll!lf..~i wilhin

e~:|)eli~.ilc~’ wilh Ill~ Wire [.i’,i~’l ", ~i.(l~(,;i i0 o’..llllil-s o111’ iflt’as
;d,o;~l w,~)’.~ lhal It~c Wire I,i.~Icr .~lll~’.lltl b,’.’

7). ]l]bl.,...fll>jr~..t :,l,,’l_,!.n,;

$(.A I,]’) ila~ ll~l~ll li!ed IO dcsli:ii ai~ I.’;lei~llloll,~l [~l’t.’,’e~Ol (i’lle ,~i I)
"J lie f4-1 i~ iinld,.’ln,:fllf.d o;i I;’. v.’ir!’-’,;’::.i~ I,u.:r,l!. ~.. wli,:..~,;,~l~
b.:l.lrd ~,f,ll;;illl~ ,I.I .I)l’l.ldll (,:~IH!<’~l~’d¯ f~,, ~.I lh;’(,!!.’:l~ !:;;’.1,’:11.~ (v.’Ph ;,ii
I’~il~, IlliCOllll,~i:led), iill(I ~,00 It’; ll:llii;;l~ e;ich (l:P,l,~l!i’lll,{,, !1] 1.1~’,~

I,in% 8 ,~,IP iHn~, D i~i’Otill:! i,in~, :,,uH I’..e, c,’,.!l:~ei’.tl $,,’i~’L’.. A
r,:,islor ;.~11’ (lllll;ill’ilii{~ I; ll’..’.l-(’ihll. ~ i~",~.",.~ [h’t! {(i ,’l I’<li!lilf~l \"’l" 

i~ill~, I~, I,hl0f;ed Jlllr’l

l~!llilll~lhlll. "J lit’ ’g~. I:’lii

I,i lilt It; pailell~.~. ]’:,:h I.~;ud ii~oa.~tl!eZ ~i~l.’,l,t’ll ,"!f.I/ *,;{I liiellv.~ hy

~--t~IT-=in part pe~-f-o-~-~ under the auspi.ces of
Contract No. W-7405-ENG-48.

lll~ ~Omlmnenl ~i(It, o~ lh~ board.

boards. ~’ae la)’oul of cables i~ ~l)eclflf,Cl b)’ tl~e dc~it(n ui~f.:ii~eci’>

cablin0.

l.’101ire ~-I ~how~ lhe pi’oce~or c~binct wilk the pa~e~

cnnnccled Io two VI.;O l)ins or I~ fol]n~clud t~ the coi,~l~leme.ii~r7
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The layout lan~.:ua~,e is used to ~pecif)’ the mal}plng bctwee. I~, mln~l
path tlalOO~ ;u~(I physical locations, l,’iEm’e 4-1 ~how~ the
n~api)ing for lilt Io~:ic In Fll%ure 4--~, whldl I* put onto two
boards, at~d consists or B~ chips.

There are two basic statements In tile la)’ottt lan+~na{{e, the WI’I’II
~tatemel~t anti the assiy, limCrlt statement. The WI’[H +Latemelit
used to H)c’cify Ih;d the logic inside ;~ given macro call I~ to be laid

Wl’(’[l <lo[0cal. location> A’F <ph~siczl. location>;

<XVI’]’H and assignment stah,mrnts Lo place content$ of m~.ClO>

END;

wlt,,re the <l.g,::d. lucntion> is lhe Iop, ical Io~atinn label given
the m:tcto call, and llm <phyd++l lo~atiott> H~e+ifies a ba+e
for all lhe lo+:.i~ laid out in+idu lhe WITH +laternent. The
<l+hpsical. locidit, t+ ¢~n specify a l+a+e Imatd, row ~ a board, column
of a boa+d, ~i~+I +e+tion of a cltil+, ov can dePault an~ of lhe+p Io be
+eto. FoP +XamlJle, the location +tlm+~ "BI ~2 C~ S+" +l+e¢ifies ~
board of I, row 2, column ?,, and +ccthm +. The boar~, row, column,

The a+~ignment +latement t+ u+ed to l+l~ce elther a termlnal
con+imnenl or n macro. If it i+ o+cd Io pla+e a terminal Component,

<lo~ical loCation> = <ph~flcal. lo¢alion>+

When It I~ u+ed to layout a macro, then It i+ of lhe form:

<lo+i¢itl. lo+atlon> . <pby~icM.location

where <ph~+ital. lo¢ation..vector> +pecifie+ a re+lot of board, row,
cOltlltill, alld +eclion tuple+, which are a++i~ned Io each
~eneraled b~ the mat:m, in lh+ o+~+r the~ +re +eneratcd. The ma¢+’o
is e~panded In a deplh fJr+t eXl+an~ion, where the macro and
COl++lJOl~el~t ~+II.+ in a ~i~11 ~a(ro are evMUaled m allJhalJetical order
a~¢or¢lin~ to their lo+i¢al lo~ation label+. The location vector

whole il tlilt~+.’l~+iott i+ tilllcl’ ~ l.toatd, row, COItlRII+~ O1’ +e¢tion, Jill1 b+

+pccified b~ the form "I.(F,T,I~0", where L i+ a "B", "R", "~", or ,,8M,
+l~nding for bo+Hd, row, ¢olun~n, and +OCliOn, and F, T, and ]i are
integer s, whiCh gencrale a sequ~-nce of value~ from l: to T by B. The
incromenl map bc tlefaHlled to I I,~ u+in+ the alletnate form "i.(l.’,T)",
arid a +inl~le valHe map be pro.ht¢ed bp writing "l." followed by the
v+lue. A nomber o~ dimensions can lh+n be H+ecified Wilh a +.l~ace
between lhem, wh,-re lhe~ will be ev+luated from right to left, Io form
a veclor of localion lUpIe+. For e~,mple, the expression "B(I,2) 
C(5,~,.-I)" evido:ttc+ to a vector whidt has G l+calion lupIP+, ((I,~,5),
(I,~A),(I,~,~).(2,B.+0.(~S~,q),(2,B,~)), where each tuple H~ecifie+ 
row, ~oh.lnm, in lhat order. In addiliol+, a +equen¢e of tlle+e
H+ecifier~ can be ~iven wilh a ~omma between them, which are
e+itlttale¢l from left to ri~hL For exampl+, thi+ la+t e~In~++ion could
have been written as "BI RB C(b,~,-l), B+~ R~ C(5,~,-I)".

"J’ho firm lhin?, lhal i+ lard otR in l:i~,,ute ~-I is the m:~cro "~+
BIT ~I.U 101Bl", which ha~ a loBical low+lion label "A", and a
l.+afion at board I. The ne~l ma¢tu Inid trot i+ lhen lhe "IB REG
101’lG", wilh lo+,.it,tl Incahon lal,el "R I" The dock line of that regi+ler
is dltVel~ froln the +itiHal "RIG CK I~UF", whid~ i+ generated from a
lhree-otttl+Ut [,.ale, aml ha+ lhrec ph~+i~+l vet+ran+. The l.~yout file
lhen HJecffie+ that lhe common do+l: ("IXT) pin of lhe I01~6
Ll+e Vel.tinn I of "REG CK ~UF". In lhe la)’oul H+ectfication o~ the
"~GB 101’H" multy~lexer, the fir+t l+-bil+ are laid oul In the high
foct~, ;tl~d lhe la+t 18-bile are laid out in the reverse form, ti~tng bolh
lhe Irue and ¢oml+lemenlarY output+ on lhe I0101 ~ale to drlve
+elo~t lines.

The m:,Jor fuitctlon of the Router (P.) Is to .~equentially route Ihe runs
COflli|illr’d i~1 the h~l RUNS Otl’l)llt l,y lhe Macro E.~pandr:v, alld In
produce all IlO0’~till’y wire list~ and n~.lat~:d doct~lnelltallOll to allo~
the debugBing ~ncl maintenance of the object machine.

A sample RI/NS hie is shown It, l:igote 5-I. RLJIqS Is
or~anlzed ll~lO ~Itlt.t, which ate vectors uf rtlnL ilt orcler Io - !Ic,w
the documentation Io be orgltnized into bu~eL Each ~ttn consist~ o~
~ set of cnnne¢led stops. Buses an~ ~o~ted In all~hat,elical ordor,
and runs willtitt a bus are in ~Iphabelical o~der. Ea,.h *lof

fit BII J35 Bl’f fil.U J01BI

I~

R2 CI~I
RJ CI~I
R3 C31

R3 Clll

lOl" 3G BIT fll.U lOl~i

Ol R3 C2 50
t CC= JI
Bl R3 C(4~G)
BI R3 C(8, IO)

RS C(I,lJ~2) S(0,3)~
BL RS C(13,1SI S(O,3)I

RS C~
Bl RS C6 BIO,DI
II[ R3 CJ SOl

BI R3 C(I2~I6) ~(O~l)
11]8 LISI

C~L ~T B21 !PROCISSOK COII]ROL

f17 = ItS, Y*~, 3.81

CII
f~3 C9 S0;
R3 ClO Sli
R(I,2) C(9, 

[OF PROCESSOR CUNIRCL

[NBI

]:igtH’e ";- I
La)’oot for Simple Pro,:es.~or

represents a physical [fin in Ihe form:it

<’I’PN>{-<SEC:.}:<SI<’I’>:<PAI~T>.<P[N>II<VI.:P.>}
where "[’PN is (he con~poncnt’$ LellninM l,athname, ~:EC; (opLional)
is the section IlOmbei within the con~[~Ollelll, SK’]’ iS lhe snckvt
name. PART ~s the physical part nam,~, PIN is the- pin number
within the ,e~[ion, and VER (op:ional) ~s the version numl~e~ fo~"
(he run connectcd to this pim The ~ection nun~bcr is itssumcd to be
zero if none Is ~ivcn.

The ’RUNS flle does not make reference Io cab[e~ or ]/O pins.
~cparalc file, IOs, which can ei~hcr be hand-~.,ener~ted or
automatically.-genc~.~t~:L assigns I/O [fins Io ru,s. An ex~,mple
IOS is shown m Fi~u~e 5-2. IOS assigns one conncctor
of a c~hle to a run; assignment o~ lhe conncctor fin on lhe
end o~ the cablc is h~plied by the CBLS fil~. If a run
multil~le boards, then IOS assigns one I/O pin per board crossln~, In
the order that the boards are to be crosscd.

R can alloca’.e I/O pins ~utom~tically, constraincd only by the
availabilit)’ of cablcs ~onnec~in~ [he al,p~ul, i,~tc boards (~p,,ci~i~d
the ~BI.S f~le), l.~urm~ a,lomatic allo~ation, if a ton ,ceds ]/()
and has none assiBnc,.t in ]OS, R will ~eled the bcst (in a measure
total run Icn~:th) s~ of I/O pins which connecl lhc
boards, l~e~n~ancnlly allo~ate lhose Io [he run, and oulpu~ the
allocatmn to lhe lOS fde. qhe ~earch o~der i.~ 1a[idOl~1 ovel [~,.r.
remainin~ f~ce ]/O [~msinord~r tominJmizingbu c~ n~

]/O pin .~[locatmn, and indccd ~II olhur hmction~ of I~ ~~, purely
sequcntial and involve essenhally one pass over the RUI’~S fil~,;

The DEFS file is used Io make the t~ansfo~maHon f~om lhe pln
number In RON~, Io a DiP pin numhe~. An e~m!~h, from
DI~FS filc ~ ~hown in l:i~ure 5-3. F,~ e,~ch [C type,
rl,’fme~ the pos~el [fins, ~nd fnr e,~ch scr[~on rhow~ the m,H~pH~
flrqn pins o[ thc ~CCtlOll to ])]I .~ pln llOmbels. J:or each



Fi,.iJre ~-2
,~m,,l)le P;ocessor ]~t~r.ro

].)[£.]:,,.~ shows Lhe elecln’iC~’,l characlieri.~liics i]’~clll(lill[i leaki~.~.~’e CUflelllS
an,.I ri~,: lirne.:., lihe pitt li)’lm (e~:. I:CI., inpul[, I-~(~],
difl’el(.n!i:d inl~nll, VT],L~, IIoli conne:cl~,d), ~n~rJ a Field del’inin~,~ 
illll(’ri~Ol’)ic I)[ll ~’iliic|i¢ill. (,.~lle !,ill I’l’l.nfl) se’Vel’~.l dlf[¢r~lll A¢-,:liUltS may
r;);l~) li(.t tile ~(1"1~ I.)]l’~ i)lll

Since ~.,l. pin T)|P$ i~hJ(; inlo lihtee ]0. r~l!rt.tt$ (or1 3n ad~r.,’,lOl’
ill ;~ddJ(iOil~ {:overs Ihe ilo.’.itiol’~ r~sc’r;,(,,I I’(~r L~,,,’O ~]~) Ic..~i~tor
~ ¢on’ain5 a .’~,’q)lfiih.’[. [Llll(lilOl’l which tn:qx’, ?.,l--!lin DIP phi IlLIrtll.)l.’l’~
alif:.l 5ock,.’t k,c:~li,’:,n.,; unlio liIl.le I)h)’.,,ical i,in Ili.lnibel~
Ioc~dio.~.. M:~l~pin[.’s for aclal~tol’s ul oliher sizes or sl~al’~es c.]n be
e~sily addc¢l.

ol)Lul~:di)’ a((’r.)rdlll~ t~ a cr~.~ t’LIllCli,.it! which is [’~i’e!erlLI}’ Io’..~i wire
I,;ll[,,th !tli),.ler .’:’~’ s,’F,,rnr, Fili rOLiLirl.,",:), bLl{ C~P. I~,~ V,~l’i~’d coil.’.idcr~bly,
evell to I’~lO’-litl’,-e II~e rlltllilnax atlT~ I~’t’,~tll (where :ill oiltl)Llt
dJvic~les a I’utl ilili’l two arms) which Js a Coo,:.I ai)[)ro×im3qeti 
n~Jnirr~ax dr.lay. "lhe comi~uta.Ltol~I cet’nj.~]qxiL), and t~le,n~lry
rec]tlii’en~ellli o[" the. rOtllil~ alco:ilhm is O(NZ~.l"), wlle~e
lihe I~.ml.~,.’r o1" .~to[~.~. for ihe ~-I Des [: ~, ~l 2-m~abyLe
wa.~ u.,.~d Lo c,i)Lin~l!)’ I’ouL~’ runs of up liu I J slinp~.. "l’he u.~e o~" an
al[’,Ol ilhll| v/hic)l ~’lil,.l.’,. till ni.~hinal Ir~l.lliL ,lt:(oldlll,;~ Ill lille co’,( fl|l’e(.’lil)ll

oi" lh(, al[(Olithlll c;in be easily ut1,:’,~rs~oo:l, Ill is convenient 
l’nal~e mo,:llftcafior~s oi" lhe ;d~orilihm lor .’.l.~ecild ixnpos,:s. ~-’or
ex,lml,h:, becailse .~,utbl.,in~,~ is lIU[ allnwc’d, if" ~ run l;a.~ lwo ]IO ~In:.
¢,t~ :~ board tie. if a r~]al ?,o,:s lh~c,u[,,h a b~.’~:d), (hen lhe ]!O
lilll~l l>e on tile ends oi" the l,l)--l.~o;~i(! .cr,"[lOll of lhe l’Ull. SLl(|l Ol’~-
i.,.,~H’Cl ’..eCllOl’~. ple uh,~i~ll1~.’(l n1~rel~ I.~), (o;1~,[lllc[ir~ ~ non-~,yrn:r, eLric
dl’,l;lll~.~’ l’llllCliOl"l. Filllht’rlilOle, when l’~.~llliill~, [t~ n~Jltii’TliZi, ch;,,t~,.(¢, h~
;J l.,uard which has ,::h~ad)’ !beerl Wlai~pcd, lhe cost funclic;!]
dlnli,i~,hes sh~];l!lly lh~" co.~l of i, s,:~.;n],-llli which COlll;eC!s lw~
previuu.’,ly c~,leclr.d l~Irls.

"̄Jll’,{~iiq~m All ~r[;l~,n¢.c, of ~ rLm Ic~nl~,r lh:ut ~ inche.~ ai,~ lvi.qed,
altd lln ~.,t.;,,l:’~t,l}t~ Ulider ~ inches ar~ twl,iD:,l (whc’le lor II,.

low- hni]efl~n~.~: [,I[l~l i~l’l¢li lhe ~e~,.li1~’f~|’s k.l~lll, lhe
clloo~e.~ Io lwi~,! sr~m~’~t.~ between ,’~ alld Y illches.

~of~..difl~i’enlial ~un.’. whirh ni~. lwi.qed require ground
~,lOillld lhe ~.ll~:hl wue~,. I,~ .~u~pl! In:~ies ll:e l~IC, l.llid i’dll which i.~
lle-ll-i;~’lile ,"l~,:.l~,,i,ll~.d .~i~l|~,l ]till ;~ii,.I pl!li~i|l~,s iI, l’elllOVlll~ I’. l";~~f)

adjacent t~visled-I~:~il ~eL~inents ale [:iol!rtded orl tlie same l,in.
["Jil’l’erelll~:~l l’Llil.S whlCh are liWlSl,:d ([o l’eol ne(d
allocali,,n. C~lOl.lllrJ pin.~ ale also allc:cal~,:l i’c,: thp .~hleld wire’,

must be [loiH1de(l. Where shl~’l-’.l wire~. :,.r~’ Ice ~’hnl’~" l’,.~r
arcordin~,~ to the twi~!cd-p,dr al~’.orilhm, the), al z" Icil

Afler ronlin~" a run, ]’, allnc,~les lermina!u~,~: :’e~.i~lnl’S : u~om.:li::-dly.
iesi.~.or is alw~)’s o.,rlnected lie rite fal etl~ (,I" lit’.." lol~[:(’~.~ arm of a tun.
]f all OIII’[’)U[ divides a run JlllO two .31"hi"~ both ,,1" no:~-,’e]’o ler~f~.th,
li’ler~ ~. resislior is l)]i~c~.d all the cud of e,~ch arm, rc:.~uiliil1[, iI~ ," 50-ohnl
1)(’; lo~d i’or each ollli"il[. ][ heavy loadih;.’, occurs n~:ar lihe O:l[l)llt 
a 5il1~..l,:..arln~d i-ii11, lhcl] a le~isliOl J~ L,~III|~’:U’(| |o lhe OUI[.’..[![ Io
decrease the (all lim~. "l’wo l(10-C)hn~ l’~:,~:,lni:s are fOl.lnd
allucaled lor each s~d~." of a olll’elenl.i:d run, which is fur~.ed lie be
.~in~le--ar.’~ed. ILesl.~.!or allocaliol’~ is simd,~r Io ~ronnd-l~in
lh~, cluses[ ,nalh)cal~.d tests!or is cho.~ell ;~nd aiiu¢;:l~.d. ,".ijllCe
ar~" always l~lacccl al the ,.llds oi" rilliS, lhc ~c~lm.nL Iclt~llls lie lesist,~rs
do nell affect drlays Lo

In tile Cases el" L,o~h re~i.~!ol’s and [:rour~,:.l l~.l.s, lhe basic
was to l:n’ovirle enou.,,,h .~I~i’[~ILlS le~uLlrce.~ cr~ the [,:~al(Is lli,~! 
~l,./,o!ith!!~ wilih no b,~(kup would be cai,:,bl,’ of [~neraliit~.ff, sn~.,il
s,:arch di.,.lallCe$. ]I~ l)~aCLl¢e, the ~in~ph~ ali,.Olll|itTi ~’;ii$ rIuJle
~,atlsi’a¢lOl’y, yreldln~; avera~j.’ o;lhr,~onal sea.lcll d:.’,liances ul;~..r 0.5
inchP,~ fc~r ~.,rol.ll,.~ l)[l|S ;~iid rcsisLors.
After i’ouiin~ a tun, P, males an es.qm:d.c of (lie wur.~l case del..{y Lo
all)’ il~i’~ut of tile rim |})’ a.~.sun~lrl~ th;~t Ihe: ill;1 i.~ a
termina!~.cl lr~i~li~.’,i(.,it htle wilh dlslril.,ulcd c.[i),lctl;mce C(’l(lal 
Jlltlil’~.~IC disllihttl.e(l L;~j3aCl{alice 01" tl~,." w:lr.-wlal) ;vile IJlLI$ Lh?

I) - l.~..’]’0.~$c),l~,’r’( I.~ (.:I./(I.~: 

wl;el-e "I’0 i.~ Ihe ~.llil~ad(d (Ic.l~ i~el llr,~{ Ic.n[!.lh, l, i.~ Ill(’ ie,l’:.’~h, C1.,
the Inf,’Jl hli’i’~l’~e,I {.’.q,:,-it~nce, ;~n~ ~1.~ i~ lihe dl!.tlibUlic(l

~lt~.l’,-J~![,l~’ [o1 .~r.c.rc’~.’rillll.’[ I’1.1115, wi{ll ~)l~lcal Icl.:l.ive el’l’[}l’$ o[ the’. Olf!er
o1 ~’.0";. (COl~.~i.~l.~nli~ hl[,h).

alBmllihm ba~ecl ~n ~..qi~:~,Jlcd delay. "|i’~.l.ll’~ I~ L~s~d by ’J’P,L



ouLI:}LII 01" "J’P.L aEC accej~table based iql h~3 Imo~led~,e o£ the
crJlicality of £;zch sl.[,,~al,

|~ l~ro, lu~e~ many ~U~l.~t IiI~ which all~w

¯
I:IUI.",.C’II. illfi EII1R<OIT>I

I1P,

lI.R

~.’" ; .... .

L~IIPIICI!

SBU$.£1L ~[lllllllCll NEOI

C TL. I~ #J ~ 2Q 1 ’. 11~,71"42.15.,
C’TL.i:. 8, X’.2NI l :
r.,’fl..F~Z~Zl~it211i~?042.15,
C]L .C.C.X: ;’{~| l: I.n~U (~. ]8

LTL,C .O.X: 2ill 1~
¯ .-~ ..’. :-’...? ¯ ~ .
L’IL ,(,. I .X~ :’[II 1: 1091S, 1|

EIL,C, I.X~20J L~ )COJb.
C 1L, R,f/: 2rl7:1i[~704 ?. 15,

CII ,[~#6: 2ti[~d~[tTO,’,7, [5,

E IL, R,13 t ~BJ ~tl~70,: 2. I%
CIL.G2..].. 2Cl.8~ I 6|esn. 4 !

CIL.RIJ9; 2P2~tll17842.
CTL,GII2cgt JOJOA~h~l

Fi.p,l "e ,~,- I
RUN~ File hllllff to ll, olilei

lOP Ifi 5EL <
0 . Illl -241
i . Ill? -30>

TOP l i’]LU CTL <
0 e Ill2 -.~Gl

TOP IOUTI’LIT 51G~d<
~ 2T2 .bO>

TOP ~I{[’G ROR <

3 ¯ J6L

TOP z~[5 ~;~]1[ L <
= i52 -36>

i"jf’llt’O I’~ e,i

J’]Xalllllle ot" IO,S I:lh"

SD|P lOJOi IE~IRCHILDi

!

~1~C I PIIIi
J !
J6 [G

!

rifle ~l JoJOl.
d 4 7 13 30
12 J2 12 12 12
5 ,5 6 9 lJ
2 2 3 15 J4

TYPE USE 1YPIIN I]l~ Illl I

O. 0 VCC It o
O. O VCC II 0

¯ -5,2 VIE 28. 26.

TYPE USE IlL PF LOll |i!’l Ill Illl .... RISE ..... !

El I 5,0 O,BCl 8,2C.",
[:1 ]~, J2, O,OOJ 0,5S8
[0 1 5,8 J,S ~,2 :’,,3
EO T_I. ,5.0 J,S 2,2 3.3

Example of Chill Defhiilion in

(~l II1 CJSI HIS-- 2R 22 ~nlnit 1.7 It|
({tIII Cla) ~lt-15 II fi2 J8 i0l~l 7.0 PF 7.7 III

lOP :~3~) 71’E 41N

(~J ~l ClSI ~;S- 3~ Z2 ¢EIO0 |.2
(P| KI £141RJ~- 2 ZI f13 2J l~lCl 7.0 PF 2,7 ]H
(ill K3 ¢J4i C)4-J5 T 2 10174 $1 5,0 PF

TOP

(Hi KS C5 ) LG 

(~l 
(B2 ~3 (6) ¢~ -|5 cO -10 T is i;~TU~Z S,O Pr

TOP

(BJ ~S CO I (5 - 7 E5 -lOG Z2 I I iOl~l Sl 5.0 rr 17.o Ill lpP
(BJ 
(fi2 
(B2 R3 C7 

if I~,ti I’C
Oh~tl,’l~ ]. I.~t,ll~, (-)ml~U( lit’Ill P, oilU.r



(~..]." .(: 

$(..:AI,I) allm.,’,,, /nc~emental de+ign ch,~n~7.-, h~ the
(II’aWJl]f{;; It_) I,C lel’h’clpd ill ,’IC|lla~ l,l::rdw:ue upd,l~.~ [11 
11"13thJll’.". ill .~.hul’l, Ill.~ ~.h~win~,s :,ze i~tll[o:l, Ihu"n $(.~/,,I D I’lt!’~s,
I)l’otlzlL’Jlt~, :l IlrW ~,e’l O[ (locl,lialC’lll~lJOi1 Jfl~ltl’-.IJrl[{ ill1 tinv,’r:;j~ lis! ;~z’.l
v,’raj) li:,t which ttpclat~ Lh(. m;zrhille lo (he (h..g~ll icj)l’eserlff.,r.~ hl 
I1C.W (Jl ~WJlQ’~s.

"]’~1c CIIIIL’[I( nl,’l(hillP slate j$ alw~y~ ret~in¢.] hi the IJo3:.,:l...q:,[,~ fil,..,

e~c.Ii |)|P, ~flOnlld (hj~,, 5ilq:,,h, v.,’irr,, ;ltltl t~’i,,l~,d. Fh~ir ’kQir~ orr e~ch

oli~inal lilt’Ill( fll(’.~ l ;llKI OF Ihe PIo.~{tams which Ploces.~ed thc~,~ i:h’s;
knriwlerl[:L, of the machine stale iS never cumplomised by chah~.es
$CA J..13.

Whcrl rh.~ng,.,s Lo a board Are madr in the labor,’~iory ’,,,’lthc, nt
rl,ll~ltirz~. Lh,." d(..q~n Fystenl, the)’ are car,;hlffy entered into a log
atld later edited JlltO tile bO;lld..:.13te tile.

|~,e¢,iL~.,,r, |,~ allucale% I’e.qsrOIS a~ld .p.~Jtnld ilirls alzloma~icai~y,
l~~.c..~.~m~,, ttuns ~t, ql,~enrtally’i~z the Older of tile RUNS fib:. i~ I.",
cono,iv.fl>le that a ~.h[.,.ht cllanp, e in th,: dra’~:’in~,., even |he cl~:~nRe of

W|llch al~, KPIl~.lated I) 7 the Fqot~rAni I.l[H’l" orl the basts r,’~ the
previotl.t buard :~tat,P and thc cnrrenL RUNS. "]’hns wheli R ,’c,lltcs
IuIl.~, It e×an’firvcs the set of Ilint.,, v.,,htch .~l’m¢il’y ll’,e r¢.qstols, ~.lt~l.llt~

[~ir~.~, roule~., arid lev(..Is LI.’~e.:| |n Ille F, revious board sla.te, and
minin~lzes tile Ill.llAibcr of cl’~.ng,..,s req!uiled to irnple:’nel~t the
(le.,,i[~rL All aLIIcqn;~tic deciskms made I)y P, me e|~h,":r al.,solut,:ly
I’epealal~le |r~del)elldellt o[’ si.{(llal llallles and inpnt ol’dfzrillg, or ilIe
s~zongly dirccted by hints base,.] orl previotis ,,.lerisiur~s.

’W|lcr~ Ihe new board ..qate has been ccqlq~h:Iely dei’ir~ed, the ’,,’.’l’.’q) li.~t,
tniv.’r,zl) li~I, alld assorialcd dc~ctll’N,’r~l.~dOr~ ~re ~eIlel’aIed by
ir~dep~..ndvnt i~r,..~l.an-~ which simply cornpares the old board state and
the new bo,azd sLate.

[,1"¢0 BIP:
BI.’.O DIP:

prlJ CL ll-’~
BRI} CI

(I

CI.

BR9 1lien
BRO I, hl~ C =
BPO2
fiRO 2 B:iRC=

IAIOS ~ |: 8 I
[6llO ~ (" J 
] 01 ~,[,[I I [~ | |

C t- J I
c I-J~ i
C2.-
C3-
C 4- i
cs- I
c £,- I
(’: 7- l

Figure 8- I
Example NE.WI!,RD$ File

Stlll"nllhl~ lhe tl’al’~iniltr’d wavcl’orrns ex’AlUl+trd at P and "F’. ’]R[.

~’01’ I’C;ISOII.¢. O[ numerical stability, it was foun~l that 3it c’f[cctJve
to delerp’nirne which rc.l’lecUu:lS Alla:l tr.~nsmissiun.~ .qlt~uld I.,e foIIo’.eed

tran.~mi.+.qon.~ in the e×l+oncn;ial analysis which )’iPl.:Is lhe final
waveform ampht,de:,.

OIIr e×l;Cl’Jellce iii del.,ug~,,ing tile objc.-ct inachiiw ha, shown lh,tl thr

|lll:~tlt pal allietel’s stlch ~s .’,e[.y~,..,nt impedAno." And io:,.d ca[JacitallCe.

?. ]}.|.{ l:!.:.l,~!Jl.t~.Y:~..l.~ll!~_

The ]?d~. EF Subs)lslem illl}Ul5 ~ bo~id .q~to l’fl~ ~nd prodl,l¢~ various
re[el’~llCe li~in~s for qtl~hl}’ COltl~o| ~il~d dcbl,ip, Fin[;. $1)c,:ifi~:dly,
pl’O,:IUC¢l% ~ ll.qil)[.( ~hich []I~1~ l[)e ~i~l:l~l l~,~Iy,.~ O[ lh~ rLll] C;l~l’=~l~d
tn each pin: it prc~dnces li+tint~,s for chp checking, COlllhiuit)’
checkinf.,, the resistance of run~ Io grol,lnd, And ¢otmting the

7’~ (’titl+tllS descril;lion~ of selected t’tll+s to TRL. the transmission
analy~i~ p:n~.ram, which prmls nil fl~e line printer the graphical
wavelo~rn (,~ a sie..nal edge on each such ruu (see Fi[(ure
"Yhe sel,:,:tion u[ runs to Lie constricted for output
1}3ram(l, ~izr,cl all(I J~ basf.cl oq lhe eStHNatCd d+:l:~ of lhe trill, hi
S. I(l+ v~ ]:+[+l++e’llt, (+lll~’ Oll~ I’UI~ I+el’ btl$ w~$ otll[)ut: bP~aU+l? the layot+{
w;t~ dnlp’ b)’ Ii+nttl in a very re[,,nlal nlzmnpr, alld lhelefole
Puns wilhin a bus are qmt¢ similar.

’]"lie rim ffl I,e +imulaled i.m dcsc~ib¢d as luml~Pd +e~istive or capacitive
(hut not I;.;fl0 bin(Is ¢nl+l~,:~h,d in a ¢k;i;y-:ham by +t.{frnents
propo/f,~tlo:~ dcla~ and impedance. The TRL, analysis Is
driven ~mml:dion. "[’he ~ate ou:l~ut vo~t~:~e w~v~form Is des¢lih ,d
lhe eXpOlWnlial:

V ~ C,(I.-,,~)

whl’~e tylli~all ~ l’C" iS 0.~ VOIt~ and "A" i~ 0.~/rl:,. The O’llptll
wav,,fu~m l~ I~rOl~:~{’.alc¢~ ~lgel,~a~oll~i Io IIw f~:~ load, ~hi~h
~l~l,~ai,~17 ~.fl,,,.Is pall of Ihe Cnl:~?.v ar~l l[dllCDl~t~ i~alt (.~

thc ~,,n,(. way as {lie -I~;,,n~al wa,e wa~ f,fllowcd, lhu~ !he I’~roo.dt~re

I)a~amPtm is J~:no~ed. Aq~r all wav~.~.ls a:e les~ Ihan Ihv Ihreshnl,.I,
Ihe vt~l~age at m~y Iminl 1~ at an~ film, "f can be e~’al~,~¢d

"I’|+I+.’ C’XIiel’iPl’ICe ii"i ii~.i11~.,e ~C;~,LI) I(., ,.I+.xii:~n th~ S~- I h.’~;, in~lic~led th~.~+
SC~A [.]) iS %’t,l)’ efl’ectlVe i11 1"¢:.h]cil1~t thr- [lll)P rt(;ttiled 
~ ],’:ll’~e--5.f;lIP pro::( ~k[’]l. "J’he elllil’e PrO(l’.~=(+r (h.$ [1,1 X’,+~.

~’l m:ln-rr,.inth~, while the i~znlitionmḡ ~n,.I I:~)’c, ut r~:rll,lil’u.~i
additional P, ma:~-inohth~. I.~cl’.,t~ff i?. Ihe h~,rdv.’ale with th.’..
$(:A1.L)-[:cncrated lislm[:s has proccede,:~ rely v:,-’,i, ,al:d thr I:lck (,f 
conventional [’~rln! .’,el wilh all of the I,:,~,,k dl’.,’,,,l: ¢,t~t proved n,,t t.,
be a i~iol.llen’i. ’]’he aLliht), t,, de.+.)Bn cnrre~t I..’,;,ic conferled I.,y I1,~.
in~rii’i.qc clarily of I.he dra~,~n/;s was veril’i~:d ’+~’i~eri Ihe first n’mL.,:’
portJrm uf ~he In~chine (11~00 chip.,,) wolkcd ai tl~e desiBned H;,ecd (70
ns per c)’cle) ai+Ler the elnninalJo~ of only 6 minor Io~ic bn~s,
involvin~ I~O n’iore Ihan a sJrll~lP, chip.

We have id~’l~Ufled Ihe follown~g arca~ as L;e ~g; car~didalc~, for
irnpioveh~enl,s in Line ])eSlt:ll

mochf,:d Io ~oeon’md~te mul~iwi~e Y(:L...10K, for
cx ~ m p

’r]’h+’ Phy.,,ic,~l Design Subsy.,,tem coul.-J I,, ~ made
dl~ve ~ny of a number of av+Hable (..;/’,1)



l;~.. ~.~" k,n.u~v h,d b~ e m c, ll I ~"

We v.’i.’-h to acLnowle~.j- Crtlcxal ~Upl~C,~t for till’ Ie~e:~rch which ll’~s
b(’cll Iro:iv~’(I [1"013) the (.)llio~ u( N:~v,tl I~e~i’.31di Vl~ ONI~ ̄

~ .~.k’l i- ,c .... kk, . allCl ~O0~l’}..’l’l...]:. 0(2~, tO the
[.JIIiV~l’~ilJ’ (~ C:~ll~¢qlll:l ]..awl~)llo~ J.lV£1l;~fll~: ].:~l,t,l;H()l y (v,.ll~pe 
a[llllOl~ are Ii~elllh~-i$ o~ Ih¢
C;Olnl+lll~tiollS Grut,I’ of the St3ilfUi’d l..hir..~r

~lll+pllll ll£ oui [~l,llitl~l~ + ~tll~ilP~ ~.~]lJCll 1~3~ It:.Li+ e~h’li~tc.~l b+ ii~,+
):mnnil’ and .luhll I’b’llz i:oundalioil.

il;~skCtt, ]..mvMI X.Vt;ud, +~l+i l~ili v+liCicernl.,tit Ih~c+up, hmlt
tht+ SUpl+C.~t S,s+:m I+~P~:~l~i provided
in~ir~t;dnill+ an Pxcrl~ent [’ASC.6L. (on~pil~r at the Stanf~.,td ]..m+.~.t

I~ SFL.<+> 5PF 24111 AS~ 3,8N525T IX OL~ 42PLIl

s
............................. J? ............................ +---2---+ ......... 4 ..........+

-0,8

5

5

5

?
[
2
l
21

!
2J

2J

55
5

5555~5

2!
21
?3 .

JI

22L
2211

?2?lSl?lSl?J?lSlllJJlllJlJlLl~liJlJll~J

..J. I;

-2,0

|’ll’tl "~’ £,.-I
]~:~ .’,li.I "le "l J¢ I.


